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CERES Cloud Products
- Validation & Assessment Continues

-calibration
- surface comparisons
- other instrument comparisons

- Edition 3 will start later this year
- improved mask
- new products
- expect beta runs in July 2006



CALIBRATION MONITORING

• Aqua vs Terra (match in polar regions only) vs VIRS
• MODIS vs CERES



EXAMINE RELATIVE TRENDS IN IMAGER CHANNELS
Terra-VIRS, VISIBLE

Compute slope for each month
VIRS Version 5a     Version 6



EXAMINE RELATIVE TRENDS IN IMAGER CHANNELS
VISIBLE

VIRS vs AquaVIRS vs Terra

• Aqua brighter (1-2%) than Terra
• VIRS V5a appears to be ok, V6 seems to have added a trend!



MORE VISIBLE CHANNEL COMPARISONS
Terra  vs Aqua

• Aqua brighter (1-2%) than Terra in direct comparison
• Confirms VIRS V5a conclusion



INTERCALIBRATIONS
Comparison of  CERES SW and MODIS

0.635 µm, Jan  2000 - Mar 2005
Slope of CERES vs MODIS: SW vs 0.64 µm

No trend for Terra; apparent trend for Aqua

Terra
Aqua

Terra & Aqua MODIS may trend relative to each other
Terra darker than Aqua by 1.2% at start of 2003



Comparison of  CERES SW and Terra MODIS
0.635 µm, Jan 2000 - Jul 2005

• Terra discontinuity at day 1407, gain were tweaked.
• Any trends caused by sudden change in gain



Aqua MODIS Trend
0.635 µm, July 2002 - Jul 2005

Aqua vs CERES

Aqua Deep Convective

• Aqua stable as a rock!
• CERES is degrading!



Terra MODIS Deep Convective Trend
0.635 µm, Jan 2000 - Oct 2005

• Terra shows apparent trend

• Discontinuity causing it

• CERES is not degrading!



TRMM VIRS Deep Convective Trend
0.64 µm, Jan 1998 - Oct 2005

• V5a stable as Aqua
• VIRS lunar calibration took gain to see grandma

- and she had big teeth!



Back to VIRS vs MODIS
0.64 µm, Jan 2000 - Jul 2005

VIRS vs AquaVIRS vs Terra

Theoretical slope over ocean is 1.048

• V6 DCC correction aligns VIRS with both MODIS
• Aqua -VIRS in nearly perfect agreement with theory

- Terra too dark!



Help from Collection 5? Terra Solar Reflectance Channels

Collection 5 Seems to Darken Terra VIS channel

• Propose to apply Aqua calibration to Terra for
consistency and perhaps better absolute calibration



Solar Infrared Channels

Daytime slope Night slope

• Aqua 0.57 K warmer than Terra during daytime
• Nonlinear difference at night at low temperatures



Collection 5 Changes 3.8-µm CHANNEL

Correction EquationCollection 5-4
Difference

• Collection 5 will reduce some of the night difference,
not daytime 0.5 bias

• Difference much greater at low temperatures



Proposed Terra 3.8-µm Calibration Change

• Captures differences with
Aqua and VIRS

• Might be time dependent

• Will increase daytime re by
0.5 -1 µm
• Will require normalization
to Collection 5 data



Initial Test of Aqua 3.8-µm Calibration on Terra Polar Mask

• More clouds detected, but
some missed & new false
ones, maybe

• More testing ahead



IMPACT OF COLLECTION-5 3.8-µm CALIBRATION ON NIGHTTIME MASK

Night bias

• Use of Aqua calibration will cause much
greater changes in polar regions



Impact of Version 5 on Cloud Properties Using Current Algorithms



More Examples of Collection 5 IR Calibration Changes



Terra MODIS Collection 5 in Ed3

• Each channel calibration slightly different than Version 4
- supposedly better

• Still testing Collection 5 to determine how much the cal differences vary
and impact the results

• Will thoroughly evaluate use of Aqua 0.64 & 3.8-µm calibrations for Terra

• Anyone using VIRS V6 data should apply DCC correction to bring it back
to V5



VALIDATION

• New Results at COVE site
• More proxy comparisons
• The mystery of LWP



Cloud Heights at COVE, Aqua

• Limited comparisons due to lack of radar
• Multilayer clouds appear to produce worst heights in cirrus



Cloud Heights at COVE, Aqua



Summary of Aqua-COVE Height Comparison

• Low clouds essentially unbiased on average
• Ice clouds a little better than over land sites



Summary of Terra-COVE Height Comparison

• Low clouds essentially unbiased on average
• Ice cloud errors similar to land sites



Cabauw, Netherlands Radar Comparison (4/15/2006)

LaRC-SEVIRI Cloud Top

LaRC-SEVIRI Cloud Base

SEVIRI (CERES Algorithm) vs Surface Radar Cloud Heights
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Ceilometer Cloud Base Height Comparison
 Chilbolton, UK (January - March, 2006)

• Repeat comparisons with matched CERES MODIS products
• Expect to include Cabauw & SIRTA + Chilbolton



Summary of Preliminary Terra-COVE LWP
Comparison

Terra Aqua

• Values < 200 gm-2 compare well.
• Data not screened for ice clouds and inhomogeneities
• Not certain of MWR quality for large LWP

Without largest value, bias = 4%Without largest value, bias = 24%



Terra Validation over Ocean (beach) Site
LWP over ARM AMF site, Pt. Reyes, CA

Feb 2005-June 2005

CERES very consistent with surface data



Aqua Validation
LWP over ARM SGP site, July 2002-July 2004

• LWP: VIRS + 16% (r2 = 0.96)

  Terra  - 18% (r2 = 0.88) re too low, τ too low

  Aqua + 28% (r2 = 0.89) τ too low

Standard errors ~ 50%
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• Repeat comparisons with matched CERES MODIS products
• Expect to include Cabauw & SIRTA + Chilbolton



CERES VIRS vs TMI LWP
 Monthly Zonal Means, 1998

Tc > 273 K

• VIRS > TMI in Tropics & summer
hemisphere

• VIRS < TMI in winter subtropics

• VIRS generally larger than TMI,
especially for cold clouds



CERES Aqua LWP vs SSM/I
All water clouds

• Aqua LWP < TMI in SH,
- ice clouds blocking near Equator, but 5S - 50S?

• Diurnal cycle?



Diurnal Cycles of LWP from TRMM TMI

• SH ocean LWP diurnal cycle much larger than NH
• 30% bias in SH explained by diurnal cycle

-Wood et al., GRL, 2002

Amplitudes for large regionsDiurnal Cycle for small region



Comparison of Aqua LWP with AMSR-E

Warm overcast clouds only (SSM/I avg of all clouds)

CERES LWP 0 - 60% smaller than AMSR-E, depending on MW algorithm!



Comparison of Aqua LWP with AMSR-E

All overcast water clouds (SSM/I avg of all clouds)

CERES LWP 0 - 100% smaller than AMSR-E, depending on MW algorithm!



LWP Validation

• Why is CERES < AMSR-E, but > other measures?

• Continue examining LWP and sources of uncertainty
 - MWP calibrations

- Terra calibrations
- 3.8-µm Solcon (10% variation)
- parameterizations in retrievals
- other surface datasets (ships)

• Adjust necessary parameters to yield most accurate results



• Account for V005 changes, use calibration information

• Improved cloud mask

• Improved thin cloud opt depth, phase, and heights

• Refined thin cirrus detection & dust/cloud discrimination

• Hi-res cloud detection and retrieval for low clouds (250-m into 1 km)

• Multilayer cloud detection & retrieval

• Multiple particle size retrievals

Proposed Edition 3 Cloud
Algorithm Changes



Cloud Mask Changes

• Added thin cirrus detection over land and ocean using MODIS 1.38, 8.55 - 11,
revised 11 - 12 tests with MOA precipitable water.

• Added dust detection for dust storms from Saharan and Gobi deserts. Ocean
dust tests are tuned differently between Atlantic and Pacific to better distinguish
dust and low clouds

• Improved  twilight cloud & snow detection for  smoother transition between
polar and non-polar masks

4. Other improvements:
        A. Better cloud detection in low SZA
         B. Cloud and snow detection in polar regions
        C. Snow tests over high elevations
        D. Sun glint ocean and coastal regions



Thin Cirrus

Ocean example off CA
coast

New mask picks up
more cirrus than ED2

and MOD06



Thin Cirrus

Ocean example over
CA

New mask picks up
more cirrus  than ED2

and MOD06
& more snow than ED2



Improved mask in
large SZA, twilight

Adjusted 2.1-µm
threshold for sea ice
and open water
 More clouds detected

Example for Terra
0040 UTC
July 30, 2005

Ed2

Ed3

Ed3 Clr Cat



Hi-res cloud detection and retrieval for low clouds
(250-m into 1 km)

• Apply VIS threshold to 250-m subpixels within 1-km pixel to
estimate fractional cloud cover in pixel  (16 subpixels, 4 x 4)

• Need alignment of 250-m pixels with 1-km pixels
- assumes 1-km VIS aligned with all other 1-km channels

• Set up operational code and run examples
- apply only over dark surfaces, no coasts
- no ice clouds
- no overlap

• Use examples to tune VIS thresholds

• Iterate on refinement, criteria for application



PIXEL ALIGNMENT
Not so straightforward given sampling patternTERRA MODIS Reflectance from Feb 8, 2006 01:55 UTC

GOES-8 1km VIS
13-22 UTC

2km Sub-Sample
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250m Full Res250m Sub-Sample (8x4 pixel)



MODIS 2km and 250m Pixel Alignment

1km pixels

Which 8x4 250m pixels
go with 1km pixel?



MODIS 2km and 250m Pixel Alignment

1km pixels

Shifting 250m array 2 pixels
To the right shows better 
correlation with 1km pixel

Which 8x4 250m pixels
go with 1km pixel?



MODIS 1km and 250m Pixel Alignment

250m pixels need to be shifted 2 pixels to the right

McIDAS software shows full res MODIS data 
have same alignment problem  



MODIS 1km and 250m Pixel Alignment

250m pixels need to be shifted 2 pixels to the right

McIDAS software shows full res MODIS data 
Also have same alignment problem  



MODIS Retrievals



Core of Technique Is Operational

reff, Terra, July 30, 2005

• Initial run generally decreases reff and cloud cover!

1 km250 m



Core of Technique Is Operational

τ, Terra, July 30, 2005

• Initial run generally increases tau
- no constraints or alignment applied yet

1 km250 m



Future for Subpixel Cloudiness

• Adjust thresholds to maximize retrievals
- apply constraints noted earlier
- smooth edge effects

• Determine if true alignment not possible with sampled dataset
- best match with 1-km VIS at +/- 4%

• Refine constraints
- limit geography, SZA, amount of change
- determine when to return to default value

• Finalize algorithm



Multilayer cloud detection and retrieval

• Fu-Lung Chang has joined the Langley Cloud Group via NIA

• Edition 3 will use upgrade of Chang & Li (2005) CO2-slicing/VISST
overlapped cloud detection and retrieval method

• Increase in the number of parameters
- need properties of upper and lower layer clouds
- Multi-layer clouds observed ~ 20% of  daytime pixels, no multi-layer at 
   night.  Proposed Edition3 SSF would be ~17.7% larger than Edition2 
- Innovative method proposed by F. Rose to minimize impact on file sizes

• Mechanics of method currently operational
- refinement is ongoing
- validation planned using surface sites



SSF Changes

Summary of  changes:
• Removed Mean and Stddev of vertical aspect ration for cloud layer (formerly SSF-111 and SSF-112)   (-4 values)
• Removed Percentile of IR emissivity for cloud layer (formerly SSF-114)           (-26 values)
• Add 5 new CO2 slicing parameters to the Cloud Footprint area. (See SSF-111, SSF-11a, SSF-111b, SSF-111c, and
SSF-112)          (+10 values)
• Added Multi-layer Cloud Footprint Area complete with 11 new parameters (See SSF-114a to SSF-114k)  All
parameters are arrays of 4: single layer 1, single layer 2, multi-layer 1, multi-layer 2.          (+44 values)

To reduce binary file size, the following was proposed:
• Do not include Multi-layer Cloud Footprint parameters in SSFB file, instead create an ancillary, multi-layer file
• In main binary file (SSFB) include only Direct Access (DA) record number to index into ancillary, multi-layer file
• If FOV contains multi-layer cloud, set DA rec # to actual record written to multi-layer file, else set it to default.
• Write multi-layer record only when at least 1 pixel in FOV contains multi-layer cloud properties.  If no pixels
within the FOV are identified as having multi-layer cloud properties, don't write anything.
• Include in the ancillary, multi-layer file the time of observation, the packet number, and the sample number.  Time
of observation uniquely identifies the FOV and packet/sample number uniquely identifies the FOV within the day.
(All 3 were requested because the current day/night subsets do not maintain enough precision to uniquely identify a
FOV using observation time.)



Classification of updated CO2-slicing Multi-layer Cloud Mask

Low cloud, Low1, no overlap

Mid cloud, Mid1, no overlap

Mid cloud, Mid2, overlap with low
Mid cloud, Mid2, marginal overlap/uncertain

Mid cloud, Mid3, with adjacent low
Mid cloud, Mid3, without adjacent low

High cloud, High1, no overlap

High cloud, High2, overlap with mid+low
High cloud, High2, overlap with mid
High cloud, High2, overlap with low
High cloud, High2, marginal overlap/uncertain

High cloud, High3, with adjacent mid+low
High cloud, High3, with adjacent mid
High cloud, High3, with adjacent low
High cloud, High3, without adjacent mid or low

Code Description

1 1 0Pc > 680 mb

2 1 0Pc = 440-680 mb
IR ε < 0.85

2 2 1
2 2 0

Pc = 440-680 mb
IR ε < 0.85

2 3 1
2 3 0

Pc = 440-680 mb
IR ε > 0.85

3 1 0Pc < 440 mb
IR ε < 0.85

3 2 3
3 2 2
3 2 1
3 2 0

Pc < 440 mb
IR ε < 0.85

3 3 3
3 3 2
3 3 1
3 3 0

Pc < 440 mb
IR ε > 0.85

Code



 τ > 2311 (330-333)

 3.6 < τ < 2310 (330-333) τ > 236  (230-231)
 marginal 9  (320) 3.6 < τ < 235  (230-231) τ > 23 2  (110)
 overlap 8  (321-323) overlap4  (220-221) 3.6 < τ < 23 1  (110)
 0 < τ < 3.6 7  (310) 0 < τ < 3.63  (210) 0 < τ < 3.6 0  (110)

High CloudMid CloudLow Cloud



Terra CO2-Slicing Example

July 30, 2005 CO2 Cloud Top Ht  VISST Eff Ht



Terra CO2 Overlap Example

Pink & yellow are overlapped



Multispectral particle size retrieval

• Two wavelengths will be used to retrieve reff or Deff in Ed3 VISST
- not over ice/snow
- 2.1, 3.8 µm

• Retrieval yields new size and τ, which will be added to SSF

• Results should give information about precipitation & cloud structure

• Better estimates of LWP/IWP are possible

• Possible feedback to alter phase



Ratio re(2.1)/re(3.7) re(3.7)

Multispectral particle size retrieval



Ratio De(2.1)/De(3.7)

De(3.7)

Multispectral particle size retrieval



Ratio τ(2.1)/τ(3.7)

τ(3.7)

Multispectral particle size retrieval



Summary of re
Ratios

July 30, 2005

Ratio > 1 for most
IGBP types

Ocean is exception,
50-50

More drizzling
clouds?



Summary of De
Ratios

July 30, 2005

Ratio > 1 for all
IGBP types



Summary of τ Ratios
for water clouds

July 30, 2005

Ratio between 0.9
and 1.1  for all IGBP

types

Ice ratios skewed
more to > 1.0



• Code is operational
- refinements needed before Beta runs
- 2.1, 3.8 µm

• Retrieval yields new size and τ, which will be added to SSF

• Results should give information about precipitation & cloud structure

• Better estimates of LWP/IWP are possible

• Possible feedback to alter phase

Multispectral particle size retrieval



OTHER ISSUES TO BE HANDLED IN ED3

• Smoother polar transition

• mixed phase clouds in Arctic (flag only)

• General mask/retrieval & calibration upgrades

 - fix lapse rate approach in midlevel inversion cases

• 1.6 vs 2.1 µm: 2.1 only for Terra SINT?

• Improved clear-sky

     Use MODIS clear-sky or our maps

- code changes in VIS parameterization

• Streamline code=> faster

• Team’s suggestions

- Charlock has plenty!
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